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Abstract 
In this paper, six attactive working fluids, including low boiling refrigerants such as R123, R141b and R245fa (Group 
L) and high boiling substances such as cyclohexane, ethanal and water (Group H), are applied on Rankine cycle, in 
order to examine the potential of these two categories of working fluids in high temperature exhaust energy recovery 
system (EERs) from a gasoline engine. The influences of engine speed at full load and evaporating pressure on the 
EERs performances are analyzed. The results reveal that water in Group H and R141b in Group L contribute the peak 
improvement in system benefits, while fluids in Group H show better cost-effectiveness. The EERs performances 
would be influenced strongly by evaporating pressure at high engine speed, while it also requires high pressure to 
enhance the performances at low speed. Besides, when the evaporating pressure is low, selection of working fluid 
should be emphasized. 
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1. Introduction 
Waste heat recovery (WHR) technology based on Rankine cycle (RC) is getting revived and paid much 
attention in recent years. The internal combustion engine equipped with a RC system could have a 
considerable improvement by up to 10–15% in fuel consumption [1]. When designing an organic RC, 
special attention must be paid to the choice of appropriate working fluid and its working conditions based 
on the heat source temperature. Many researches on working fluid were carried out in order to optimize 
the cycle performances through exploring the most appropriate one and its optimal working conditions. 
Ringler et al. [2] considered that water would be a preferable working fluid for exhaust energy recovery 
system (EERs), while ethanol would be the right choice for the combined system with utilization of 
exhaust gas and coolant from gasoline engine. Wang et al. [3] found that the heat exchanger efficiency 
would be mainly influenced by the working fluid flow rate. Hountalas et al. [4] concluded that an organic 
fluid appears to be favorable since it improves significantly the total system efficiency. Teng et al. [5] 
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held that R245fa and ethanol present better candidate for the organic RC-WHR system. Meanwhile, they 
suggested that an ideal working fluid should be determined on the basis of the temperature range for 
WHR because the energy level of the waste heat varies with engine operation conditions.  
Investigation on those studies above reveals that, little information available has been reported on 
evaluations between the potential of high and low boiling temperature fluids in high temperature waste 
heat recovery such as exhaust energy recovery from gasoline engine. Therefore, attempts are tried in this 
paper for analyzing EERs performances using these two kinds of working fluids, in order to offer general 
considerations for selections. Besides, the influences of engine speed and evaporating pressure on the 
system results are considered comparatively to estimate their impact weight. The efficiency improvement 
(EI) and the reduced CO2 emission are chosen to assess the system benefits. The total heat transfer area 
per net power output (APP), and the electricity production cost (EPC) are examined from the view point 
of cost-effectiveness. The parameter definitions, heat transfer model informations and validation in details 
could be found in [6]. 
2. System descriptions 
In this study, a 1.8 liter gasoline engine is used to provide the hot exhaust waste heat for the EERs. The 
RC system layout and principle could be found in [6]. The experimental data for each engine speed under 
full load and exhaust gases are shown in Table 1. 
Table 1. Experiment results for the gasoline engine and exhaust gases. 
Engine speed 1500 2000 2500 3000 3500 4000 
Power (kW) 34.8 
29% 
665 
155 
45.3 
30% 
718 
195 
56.2 
29.9% 
762 
244 
71 
29.4% 
806 
312 
74.7 84.3 
Efficiency 28.9% 28.2% 
Texh a(oC) 853 885 
mexh b(kg/h) 335 386 
a. Exhaust gases temperature; b. Exhaust gases mass flow rate 
3. Results and Discussion 
In the following analysis, six attractive working fluids including low boiling refrigerants such as R123, 
R141b and R245fa (Group L) and high boiling substances such as cyclohexane, ethanal and water (Group 
H) are examined to explore further their maximum potential of system benefits and cost-effectiveness. 
3.1 The effect of engine speed and evaporating pressure 
Figures 1-8 give the truth that increasing the engine speed and evaporating pressure would bring about 
more contributions both in efficiency improvement and reduced CO2 emission, as well as be attractive for 
cost-effectiveness. Higher engine speed means more exhaust heat could be provided, which would 
contribute more power output, thus give rise to better efficiency improvement and reduce more CO2 
emission. For a certain working fluid at the specific engine speed, upgrading evaporating pressure would 
result into the increase of enthalpy drop in the expander with the condensing pressure constant, 
meanwhile, the working fluid mass flow rate would be decreased due to the reduction of heat transferred 
in the evaporator with the limitation of pinch point temperature difference. Therefore, the system benefits 
would increase fastly first and then level off at high pressure. The peak improvement in efficiency and 
reduced CO2 emission are achieved by R141b for Group L and water for Group H both at the maximum 
speed. Fluids in Group H show better cost-effectiveness than those in Group L, in which water is the most 
economical one, while R245fa expends the most to operate. This could be explained that the high boiling 
temperature allows higher pinch point temperature difference between the fluid and cooling water in the 
condenser, directly requiring less condenser area. For the other fluids, their low boiling temperature limits 
largely the temperature difference in the condenser, leading to much higher condenser size. 
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Figure 1. EI at optimal evaporating pressure. 
 
Figure 2. EI at 4000 r/min. 
 
Figure 3. Reduced CO2 emission at optimal 
evaporating pressure. 
 
Figure 4. Reduced CO2 emission at 4000 r/min. 
 
Figure 5. APP at optimal evaporating pressure. 
 
Figure 6. APP at 4000 r/min. 
 
Figure 7. EPC at optimal evaporating pressure. 
 
Figure 8. EPC at 4000 r/min. 
3.2 Impact weight of engine speed and evaporating pressure 
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Figure 9. EI for water. 
 
Figure 10. Reduced CO2 emission for water. 
As shown in Figure 9-12, it could be inferred that the impact of engine speed would become essential at 
high pressure. In other words, when the evaporating pressure is low, selection of working fluid should be 
taken into account seriously. Besides, the results would be influenced strongly by the evaporating 
pressure at high engine speed, and the economical pressure span is broad, while it also requires high 
pressure to enhance the performances when the engine operates at low speed. 
 
Figure 11. APP for water. 
 
Figure 12. EPC for water. 
4. Conclusions 
In this study, the peak improvement in efficiency and reduced CO2 emission are achieved by R141b for 
Group L and water for Group H, respectively. Fluids in Group H present better cost-effectiveness as 
opposed to those in Group L. Increasing engine speed and evaporating pressure would both contribute on 
better system benefits and cost-effectiveness, which would strongly depend on pressure at high speed, and 
also requires high pressure at low speed. Besides, when the evaporating pressure is low, selection of 
working fluid should be taken into account seriously. 
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